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Description

Technical Field

[0001] The present invention relates, in general, to a
Modular Multilevel Converter (MMC) and, more particu-
larly, to an MMC in which M redundant sub-modules are
arranged in addition to N sub-modules, which are nec-
essary for the operation of the MMC, and the N+M sub-
modules are controlled so as to participate in switching
in turn.

Background Art

[0002] As well known, a general Modular Multilevel
Converter (MMC) consists of one or more phase modules
1 as illustrated in FIG. 1, and each of the phase modules
1 has N sub-modules 10 connected in series with each
other, each of the N sub-modules having two output ter-
minals X1 and X2. Also, load connection terminals L1,
L2 and L3 may be connected to 3-phase loads, for ex-
ample, a 3-phase AC power system. The phase module
1 is divided into an upper part phase module 1a and a
lower part phase module 1b based on the load connection
terminals L1, L2 and L3.
[0003] Generally, an MMC may use a Pulse Width
Modulation (PWM) method to switch sub-modules.
Among various PWM methods, a Phase-shifted Carrier
(PSC)-PWM method is advantageous in that multilevel
output may be produced and in that fewer harmonic
waves are output even at a low switching frequency.
[0004] FIG. 2 is a view illustrating the carriers of PSC-
PWM applied to a conventional MMC.
[0005] Referring to FIG. 2, in the conventional MMC,
when a desired reference signal 21 has a value that rang-
es from -1 to 1, the carrier signals 22, assigned to the N
sub-modules 10, are configured to oscillate within a
range between -1 and 1. Here, the reference signal 21
is compared with the carrier signals 22 assigned to the
N sub-modules 10, and the sub-module 10, the triangular
wave 22 of the carrier signal of which is higher than the
reference signal 21, is switched on, but the sub-module
10, the triangular wave 22 of the carrier signal of which
is lower than the reference signal, is switched off. The
on/off switching of the sub-modules is controlled by a
controller (not illustrated).
[0006] In the conventional method, N carriers must be
retained. In other words, if any one of the N sub-modules
fails, the N carriers are not retained, thus adversely af-
fecting the operation of the MMC.
[0007] In order to solve the above problem, in the con-
ventional art a method was proposed in which M redun-
dant sub-modules are additionally arranged in addition
to the N sub-modules that participate in the operation,
and the operation is performed using the N+M sub-mod-
ules. However, in this case, the carriers must continu-
ously change N sub-modules, among the M+N sub-mod-
ules. For example, if the carriers of the first to N-th sub-

modules are maintained in the current cycle, the carriers
must be changed in the next cycle such that the carriers
of the second to (N+1)-th sub-modules are maintained.
Here, when the carriers are changed, because the
switching states are also changed, which incurs unnec-
essary switching, the switching frequency is increased.
Also, it is difficult to implement a controller capable of
rotating the carriers.

Disclosure

Technical Problem

[0008] Accordingly, the present invention has been
made keeping in mind the above problems, and an object
of the present invention is to provide a modular multilevel
converter (MMC) in which N sub-modules, which are nec-
essary for the operation of the MMC, and M redundant
sub-modules are arranged, and the N+M sub-modules
are controlled to participate in switching in rotation.
[0009] Also, another object of the present invention is
to provide a modular multilevel converter in which N+M
phase-shifted carriers are assigned to N+M sub-modules
and in which the N+M carrier signals are configured such
that the range from the top to a rest position thereof is
not balanced with the range from the bottom to the rest
position thereof.

Technical Solution

[0010] A Modular Multilevel Converter (MMC) accord-
ing to claim 1 is provided. Further embodiments are de-
scribed in the dependent claims. The Modular Multilevel
Converter of the present invention includes multiple sub-
modules connected in series with each other; and a con-
troller for controlling on/off switching of the sub-modules,
wherein the multiple sub-modules include N sub-mod-
ules, which participate in operation of the MMC, and M
redundant sub-modules, which participate in the opera-
tion in place of a failing sub-module when at least one of
the N sub-modules fails, and the controller switches on
a sub-module if a carrier signal assigned thereto is higher
than a preset reference signal, and switches off a sub-
module if a carrier signal assigned thereto is lower than
the preset reference signal, among the N+M sub-mod-
ules to which the carrier signals are assigned.
[0011] In the present invention, each of the carrier sig-
nals of the N+M sub-modules is configured such that a
range from a top to a rest position thereof is not balanced
with a range from a bottom to the rest position thereof.
[0012] In the present invention, when the reference sig-
nal oscillates within a top-to-bottom range from -A to +A,
each of the carrier signals oscillates within a top-to-bot-
tom range from -A to +(A 3 (N + M) / N).
[0013] In the present invention, each of the N+M sub-
modules is switched on and is then switched off after the
carrier signal corresponding thereto is phase-shifted by
M carrier signals.
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[0014] In the present invention, N+M carrier signals are
assigned to the N+M sub-modules, respectively, and N
sub-modules, selected from among the N+M sub-mod-
ules, rotationally participate in the operation of the MMC.
[0015] In the present invention, all of the N+M sub-
modules perform on/off switching.

Advantageous Effects

[0016] According to the present invention, because the
carriers of N+M sub-modules of an MMC are set such
that the range from the rest position to the top of the
carriers is not balanced with the range from the rest po-
sition to the bottom thereof, all of the N+M sub-modules,
including redundant sub-modules, participate in switch-
ing, whereby unnecessary switching, which occurs when
shifting the carriers in a conventional method, may be
eliminated.
[0017] Also, according to the present invention, be-
cause it is not necessary for a controller of N+M sub-
modules to continually shift carriers as shown in the con-
ventional method above, the controller of the present in-
vention may be simply implemented.
[0018] Accordingly, the present invention enables an
MMC system to effectively operate and to be simply im-
plemented by omitting unnecessary operation.

Description of Drawings

[0019]

FIG. 1 is a circuit diagram of a conventional MMC;
FIG. 2 is a waveform diagram illustrating the carriers
of PSC-PWM in a conventional MMC;
FIG. 3 is an exemplary view of an MMC according
to an embodiment of the present invention;
FIG. 4 is a waveform diagram illustrating the carriers
of PSC-PWM implemented in an MMC according to
an embodiment of the present invention; and
FIG. 5 is a view illustrating that carriers are assigned
to N+M sub-modules in an MMC according to an
embodiment of the present invention.

Best Mode

[0020] Hereinafter, some embodiments of the present
invention will be described in detail with reference to ex-
emplary drawings. Reference should now be made to
the drawings, in which the same reference numerals are
used throughout the different drawings to designate the
same or similar components. In the following description,
it is to be noted that, when the functions of conventional
elements and the detailed description of elements related
with the present invention may make the gist of the
present invention unclear, a detailed description of those
elements will be omitted.
[0021] It will be understood that, although the terms
"first," "second," "A," "B," "(a)," "(b)," etc. may be used

herein to describe various elements, these terms are only
used to distinguish one element from another element,
and the essentials or the order of these elements should
not be limited by these terms. When a first element is
described as being "connected," "combined," or "cou-
pled" to a second element, it should be understood that
the first element may be directly connected or coupled
to the second element but that another element may al-
ternatively be "connected," "combined" or "coupled" ther-
ebetween.
[0022] FIG. 3 is an exemplary diagram of an MMC ac-
cording to an embodiment of the present invention.
[0023] Referring to FIG. 3, an MMC 100 according to
the present invention basically generates N+1 or 2N+1
level voltage using N sub-modules 110 included in each
of an upper part phase module 101a and a lower part
phase module 101b, N being a natural number. Here, in
order to stably operate the MMC in the event of failure
of the N sub-modules 110, M redundant sub-modules
120 are added, and operation is performed using the
M+N sub-modules, M being a natural number. Here, be-
cause M redundant sub-modules 120 are added in each
of the phase modules 101a and 101b, a total of N+M sub-
modules 110 and 120 are connected in series in each of
the phase modules 101a and 101b. Here, in order to op-
erate the MMC using the N+M sub-modules, N sub-mod-
ules must operate normally while the remaining M sub-
modules are maintained in a standby state.
[0024] In the present invention, if any one of the N op-
erating sub-modules 110 fails, one of the M redundant
sub-modules 120 immediately replace the failing one. In
other words, in order to normally operate the MMC even
when failure occurs in the N sub-modules 110, one of
the redundant sub-modules 120 must immediately oper-
ate in place of the failing one. Therefore, the DC voltage
balance must be maintained between the N+M sub-mod-
ules. To this end, all of the N+M sub-modules 110 and
120, including the redundant sub-modules 120, partici-
pate in on/off switching by having carriers assigned there-
to, whereby overall balance is maintained. In other words,
the number of sub-modules that are operating at any in-
stant in order to generate N+1 level voltage is N, but the
N+M sub-modules rotationally participate in switching.
Here, the on/off switching of the N+M sub-modules is
controlled by a controller (not illustrated).
[0025] FIG. 4 is a waveform diagram of PSC-PWM im-
plemented in an MMC according to an embodiment of
the present invention.
[0026] Referring to FIG. 4, in an MMC according to an
embodiment of the present invention, on/off switching of
N+M sub-modules is implemented by applying a Phase-
Shifted Carrier (PSC)-PWM method. To this end, switch-
ing of the sub-modules is implemented by comparing a
carrier signal with a reference signal. Here, the reference
signal is represented as a sine wave, and a carrier signal
is represented as a triangular wave, but the present in-
vention is not limited thereto. The carrier signals are
present in a number of N+M that depends on the number
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of sub-modules, that is, N+M sub-modules. As illustrated
in the drawing, each of the carrier signals is represented
as being phase-shifted, but the carrier signals have the
same frequency and the same amplitude. These carrier
signals are compared with the reference signal, and
on/off switching of the sub-modules is controlled based
on the result of the comparison.
[0027] According to the present invention, the range
within which the N+M carrier signals oscillate is wider
than the range within which the reference signal oscil-
lates. In other words, if the reference signal is a sine wave
that oscillates between -A and +A, the carrier signals os-
cillate between -A and +(A + α). Specifically, N+M phase-
shifted carrier signals, assigned to N sub-modules, par-
ticipating in the operation of the MMC, and M redundant
sub-modules, oscillate between -A and + (A (N + M) / N).
Accordingly, each of the carrier signals oscillates such
that the range from the rest position to the top thereof is
not balanced with the range from the rest position to the
bottom thereof. In the example of FIG. 4, assuming that
the number of the sub-modules that are operating is 10
(N = 10), that the number of redundant sub-modules is
2 (M = 2), and that the reference signal has a value that
ranges from -1 to 1, the N+M carrier signals oscillate
within the range from -1 to +1.2 (= 1 3 (10 + 2) / 10).
[0028] Here, the sub-module, the carrier signal of
which is higher than the reference signal, is switched on,
and the submodule, the carrier signal of which is lower
than the reference signal, is switched off. Therefore, as
shown in FIG. 4, as the carrier signals are set such that
the range from the top to the rest position thereof is not
balanced with the range from the bottom to the rest po-
sition thereof, all of the N+M sub-modules participate in
switching rotationally. In the conventional art, illustrated
in FIG. 2, because the top-to-bottom variance of the ref-
erence signal is the same as that of the carrier signals,
there may no sub-module having a carrier signal higher
than the reference signal, in which case the sub-modules
are switched off. That is, not all the N+M sub-modules
may participate in on/off switching in turn, unlike the
present invention.
[0029] Also, in the example illustrated in FIG. 4, when
the reference signal has a value that ranges from -1 to
1, the carrier signal oscillates within the range from -1 to
1.2, thereby exhibiting an unbalanced waveform. Accord-
ingly, after the first sub-module is switched on as the first
carrier signal 41, corresponding thereto, becomes higher
than the reference signal 44, when the second carrier
signal 42 becomes higher than the reference signal 44,
the first sub-module is not switched off. Instead, the first
sub-module is switched off when the third carrier signal
43 becomes higher than the reference signal 44. This
enables the first carrier signal 41 to have the effect of
being phase-shifted by two carrier signals. Therefore, the
first sub-module, corresponding to the first carrier signal
41, is switched on, and is then switched off after two
carrier signals are phase-shifted. This phase-shift effect
is determined depending on the number of redundant

sub-modules, namely M. In other words, the carrier signal
has the effect of being phase-shifted by M signals. For
example, if M is 2, as in the example of FIG. 4, an effect
of phase shifting by two carrier signals may be realized.
[0030] As described above, the present invention en-
ables all of the N+M sub-modules to participate in switch-
ing, and on/off switching of each of the sub-modules has
a phase-shifting effect, unlike the conventional method.
[0031] FIG. 5 is a view illustrating the process of switch-
ing N+M sub-modules in an MMC according to an em-
bodiment of the present invention.
[0032] Referring to FIG. 5, in an MMC according to an
embodiment of the present invention, N+M carrier signals
are represented by assigning carriers to N+M sub-mod-
ules. This is intended to make all of the N+M sub-modules
participate in on/off switching.
[0033] As shown in the drawing, carrier signal 1 is as-
signed to sub-module #1, carrier signal 2 is assigned to
sub-module #2, and carrier signal N is assigned to sub-
module #N. Also, carrier signal (N+1) is assigned to sub-
module #(N+1), and carrier signal (N+M) is assigned to
submodule #(N+M). This differs from the conventional
art, in which the carrier signals are assigned only to N
sub-modules that are participating in the operation of the
MMC.
[0034] Here, the number of sub-modules that are par-
ticipating in the operation of the MMC is N. For example,
only the N sub-modules, from sub-module #1 to sub-
module #N, participate in the operation. In the case of
the remaining sub-modules from sub-module #N+1 to
sub-module #N+M, carrier signals are assigned thereto
and on/off switching thereof is performed, but the remain-
ing sub-modules do not participate in the operation. How-
ever, if at least one of the N sub-modules from sub-mod-
ule #1 to sub-module #N fails, one of the remaining sub-
modules immediately participates in the operation in
place of the failing sub-module. To this end, on/off switch-
ing of the remaining sub-modules is continuously per-
formed even in a standby state.
[0035] In the conventional art, after N carrier signals
are assigned to N sub-modules, the N carrier signals
must be sequentially shifted to the remaining M sub-mod-
ules, but the present invention does not need to shift the
carrier signals.
[0036] As described above, in the present invention,
each of the upper part phase module and the lower part
phase module of an MMC includes N sub-modules re-
quired for the operation of the MMC, and M redundant
sub-modules are additionally arranged in each of the
phase modules, whereby operation is performed using
the N+M sub-modules. Here, the number of normally op-
erating sub-modules must be N, and the remaining M
sub-modules must be maintained in a standby state. In
order to operate the MMC system normally when any
one of the N operating sub-modules fails, one of the re-
dundant sub-modules must immediately replace the fail-
ing sub-module. To this end, all of the N+M sub-modules,
including the redundant sub-modules, must participate
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in switching. That is, the number of sub-modules that
instantaneously generate multilevel voltage of N+1 levels
is N, but the N+M sub-modules rotationally participate in
on/off switching.
[0037] The terms such as "include," "comprise," or
"have" specify the presence of the stated element but do
not preclude the addition of one or more other elements
unless otherwise specified. Unless differently defined, all
terms used here including technical or scientific terms
have the same meanings as the terms generally under-
stood by those skilled in the art to which the present in-
vention pertains. The terms identical to those defined in
generally used dictionaries should be interpreted as hav-
ing meanings identical to contextual meanings of the re-
lated art, and are not interpreted as having ideal or ex-
cessively formal meanings unless they are definitely de-
fined in the present specification.
[0038] The range of protection of the present invention
should be interpreted based on the following claims.

Claims

1. A Modular Multilevel Converter (MMC) (100), com-
prising:

multiple sub-modules (110, 120) connected in
series with each other; and
a controller for controlling on/off switching of the
sub-modules (110, 120),
wherein:

the multiple sub-modules (110, 120) include
N sub-modules (110), which participate in
operation of the MMC (100), and M redun-
dant sub-modules (120), which participate
in the operation in place of a failing sub-
module when at least one of the N sub-mod-
ules (110) fails;
the controller switches on a sub-module if
a carrier signal (41) assigned thereto is
higher than a preset reference signal (44),
and switches off a sub-module if a carrier
signal (43) assigned thereto is lower than
the preset reference signal (44), among the
N+M sub-modules (110, 120) to which the
carrier signals are assigned;
each of the carrier signals (41, 42, 43) of
the N+M sub-modules (110, 120) is config-
ured such that a range from a top to a rest
position thereof is not balanced with a range
from a bottom to the rest position thereof,
such that
when the reference signal (44) oscillates
within a top-to-bottom range from -A to +A,
each of the carrier signals (41, 42, 43) os-
cillates within a top-to-bottom range from -A
to + (A 3 (N + M) / N) ; and

N+M carrier signals are assigned to the
N+M sub-modules (110, 120), respectively,
and N sub-modules (110), selected from
among the N+M sub-modules (110, 120),
rotationally participate in the operation of
the MMC (100).

2. The MMC (100) of claim 1, wherein each of the N+M
sub-modules (110, 120) is switched on and is then
switched off after the carrier signal corresponding
thereto is phase-shifted by M carrier signals.

3. The MMC (100) of claim 1, wherein all of the N+M
sub-modules (110, 120) perform on/off switching.

Patentansprüche

1. Modularer mehrstufiger Wandler (MMC) (100), auf-
weisend:

mehrere Untermodule (110, 120), die miteinan-
der in Reihe geschaltet sind, und
eine Steuereinrichtung zum Steuern des Ein-
und Ausschaltens der Untermodule (110, 120),
wobei:

die mehreren Untermodule (110, 120) N
Untermodule (110), die am Betrieb des
MMC (100) teilnehmen, und M redundante
Untermodule (120) aufweisen, die an Stelle
eines ausfallenden Untermoduls am Be-
trieb teilnehmen, wenn mindestens eines
der N Untermodule (110) ausfällt,
die Steuereinrichtung ein Untermodul ein-
schaltet, wenn ein diesem zugeordnetes
Trägersignal (41) größer als ein vordefinier-
tes Referenzsignal (44) ist, und ein Unter-
modul ausschaltet, wenn ein diesem zuge-
ordnetes Trägersignal (43) kleiner als das
vordefinierte Referenzsignal (44) ist, von
den N+M Untermodulen (110, 120), denen
die Trägersignale zugeordnet sind,
jedes der Trägersignale (41, 42, 43) der
N+M Untermodule (110, 120) derart konfi-
guriert ist, dass ein Bereich von einer Spitze
zu einer Ruheposition davon nicht mit ei-
nem Bereich von einem Boden zu der Ru-
heposition davon ausgeglichen ist, so dass,
wenn das Referenzsignal (44) in einem
Spitze-zu-Boden-Bereich von -A bis +A os-
zilliert, jedes der Trägersignale (41, 42, 43)
innerhalb eines Spitze-zu-BodenBereichs
von -A bis +(A 3 (N + M) / N) oszilliert, und
N+M Trägersignale jeweils den N+M Unter-
modulen (110, 120) zugeordnet sind, und
N Untermodule (110), die aus den N+M Un-
termodulen (110, 120) ausgewählt sind, am
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Betrieb des MMC (100) rotierend teilneh-
men.

2. MMC (100) gemäß Anspruch 1, wobei jedes der
N+M Untermodule (110, 120) eingeschaltet wird und
dann ausgeschaltet wird, nachdem das diesem ent-
sprechende Trägersignal um M Trägersignale pha-
senverschoben wurde.

3. MMC (100) gemäß Anspruch 1, wobei alle N+M Un-
termodule (110, 120) ein Ein-/Ausschalten durchfüh-
ren.

Revendications

1. Convertisseur multiniveau modulaire (MMC) (100),
comprenant :

de multiples sous-modules (110, 120) mutuel-
lement connectés en série ; et
un contrôleur pour commander la mise sous ten-
sion et hors tension des sous-modules (110,
120), dans lequel :

les multiples sous-modules (110, 120) in-
cluent N sous-modules (110), lesquels par-
ticipent au fonctionnement du convertisseur
MMC (100), et M sous-modules redondants
(120), lesquels participent au fonctionne-
ment à la place d’un sous-module défaillant,
lorsqu’au moins l’un des N sous-modules
(110) est défaillant ;
le contrôleur met sous tension un sous-mo-
dule si un signal de porteuse (41) qui lui est
affecté est supérieur à un signal de référen-
ce prédéfini (44), et met hors tension un
sous-module si un signal de porteuse (43)
qui lui est affecté est inférieur au signal de
référence prédéfini (44), parmi les N+M
sous-modules (110, 120) auxquels les si-
gnaux de porteuse sont affectés ;
chacun des signaux de porteuse (41, 42,
43) des N+M sous-modules (110, 120) est
configuré de sorte qu’une plage allant d’une
position haute à une position de repos con-
nexe n’est pas équilibrée avec une plage
allant d’une position basse à une position
de repos connexe, de sorte que, lorsque le
signal de référence (44) oscille dans une
plage de haut en bas, de -A à +A, chacun
des signaux de porteuse (41, 42, 43) oscille
dans une plage de haut en bas, de -A à +(A
x (N + M) / N) ; et
N+M signaux de porteuse sont affectés aux
N+M sous-modules (110, 120), respective-
ment, et N sous-modules (110), sélection-
nés parmi les N+M sous-modules (110,

120), participent par rotation au fonctionne-
ment du convertisseur MMC (100).

2. Convertisseur MMC (100) selon la revendication 1,
dans lequel chacun des N+M sous-modules (110,
120) est mis sous tension, et est ensuite mis hors
tension dès lors que le signal de porteuse qui lui
correspond a été déphasé de M signaux de porteu-
se.

3. Convertisseur MMC (100) selon la revendication 1,
dans lequel la totalité des N+M sous-modules (110,
120) met en œuvre une mise sous tension/hors ten-
sion.
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